Aim: To examine the feasibility of a food-based, low-energy, low-carbohydrate diet with behavioural support delivered by practice nurses for patients with type 2 diabetes.
are not routinely available in most healthcare systems and very few patients are offered this type of treatment.
The majority of patients with type 2 diabetes rely on general dietary advice from primary care professionals. While there is considerable uncertainty regarding the optimal diet composition for people with type 2 diabetes 4 there is a growing interest from patients, practitioners and the general public in low carbohydrate diets. 5, 6 Removing most carbohydrate from the diet and rigorous portion control of other foods offers the opportunity to achieve an energy intake comparable with TDR programmes. By focusing on simple rules, this approach has the potential to be delivered by generalist practitioners in routine settings to support patients to change their usual dietary habits and may offer a more sustainable intervention than TDR.
In 2017, a UK priority-setting group comprising patients and clinicians identified the role of carbohydrates, dietary change and how best to support people to achieve these changes, as three of the top 10 research priorities in type 2 diabetes. 7 We investigated the feasibility of practice nurses delivering a food-based, low-energy, lowcarbohydrate intervention in routine primary care to promote weight loss and improved glycaemic control in patients with type 2 diabetes.
| MATERIALS AND METHODS

| Study design and participants
This feasibility study was a pragmatic, individually randomized controlled trial, with a practice nurse allocating participants to a lowenergy, low-carbohydrate diet or routine support over 12 weeks. The protocol was reviewed and approved by the South Central Oxford B REC Committee (ref: 18/SC/0071) and prospectively registered on the ISRCTN (62452621) and published following peer review. 8 We recruited participants from three primary care practices in Oxfordshire, UK. General practitioners searched electronic health records for adults with type 2 diabetes and a body mass index (BMI) of at least 30 kg/m 2 who had attended digital retinopathy screening in the last 12 months, and invited them by letter to participate. Major exclusion criteria were: history of an eating disorder; current use of insulin or sodium-glucose co-transporter-2 inhibitor therapy;
HbA1c ≥93 mmol/mol (10.5%); or non-proliferative retinopathy level R2 or more severe, proliferative diabetic retinopathy or maculopathy (recognizing concerns that sudden normalization in retinal blood flow, associated with restoration of normoglycaemia, may result in deterioration of established retinopathy 9 ) (see the supporting information, Appendix S1). After telephone screening by researchers, eligible patients were booked for a baseline appointment with a nurse at their local practice, where nurses confirmed consent and verified inclusion.
| Randomization
An independent researcher produced a computer-generated randomization list with 2:1 allocation (intervention: control) using random permuted blocks, stratified by general practice. Allocation was concealed in sequentially numbered sealed opaque envelopes, opened after enrolment. Because of the nature of the intervention, it was not possible to blind participants, clinicians or some of the researchers after treatment allocation.
| Interventions
The DIAMOND programme (DIetary Approaches to the Management Of type 2 Diabetes) is described elsewhere. 8 In brief, the diet consisted of a low-energy, low-carbohydrate diet, comprising 800-1000 kcal/day, with <26% of daily energy intake from carbohydrates and a minimum of 60 g protein/day, for 8 weeks. Dietary advice focused on excluding sugary and starchy foods high in carbohydrates entirely from the diet (with the exception of dairy and limited fruit intake), strict portion control and minimal use of fats and oils.
Participants were advised to eat fresh vegetables or salad and small amounts of lean meat and fish. After 8 weeks, participants were advised to gradually increase their energy intake, increasing portion size one meal at a time or adding one serving of high fibre carbohydrate, until weight stabilized, but with guidance on maintaining a sustainable lower carbohydrate diet in the longer term.
The programme was designed to be delivered by practice nurses across four 15-20-minute appointments at baseline and weeks 2, 4 and 8, providing support and motivation, including advice on goalsetting and self-monitoring, and problem-solving strategies. Participants received a self-help booklet with sample menus and recipes.
Participants saw a GP in one 10-minute appointment at baseline to review medication for diabetes and hypertension 8 (Appendix S2).
For the comparator, participants saw their practice nurse for usual care dietary advice at baseline, following English guidance, which advocates "healthy balanced eating". They received the DiabetesUK information booklet, "What is a healthy balanced diet for diabetes?" 10 Diabetes treatment could be adjusted in either group following normal practice guidelines if warranted.
| Procedures
Height was measured at baseline, and all other measurements at baseline and 12 weeks. In addition, for intervention group participants, weight and blood pressure were measured at 2, 4 and 8 weeks, blood samples were repeated at 8 weeks, and a brief dietary recall questionnaire was completed at 2 and 8 weeks. A digital scale was used to measure weight and body fat. Blood pressure was measured three times after 5 minutes of seated rest, and the mean of the last two readings was recorded. The questionnaires assessed participants' quality of life, 11 dietary intake (reporting the number of portions of different food groups over the preceding 24 hours), self-reported motivation and perceptions across domains of diet, health and diabetes control, and self-reported adherence to the intervention. Fasting blood samples were collected to measure HbA1c, glucose, insulin, liver function tests and lipid profile. The nurse-delivered intervention sessions were audio-recorded for assessment of the fidelity of intervention delivery.
| Outcome measures
The primary outcomes were prespecified feasibility criteria to progress to a full trial: (i) that at least 60% of allocated intervention group participants attempted the dietary intervention after randomization;
(ii) fidelity of intervention delivery (ie, that healthcare professionals conducted the intervention delivery session with at least 60% of essential elements present); and (iii) that 60% of participants attended the final follow-up session. Qualitative data about the experience of the intervention were collected from focus groups with participants and healthcare professionals after intervention completion.
An additional exploratory outcome of change in calculated 10-year risk of cardiovascular disease (QRISK)-3-2018 score was added after publication of the protocol but before analysis. 13 
| Statistical analyses
Sample size was based on the progression criteria. We expected at least 75% to achieve the progression criteria with 95% confidence intervals (CI) to exclude 60%. This required a sample of 30 participants allocated in a 2:1 ratio, intervention:control. The study was not powered to detect a statistically significant difference in efficacy between the arms.
We followed a statistical analysis plan finalized prior to database locking, and conducted analyses using Stata version 14.1 SE for Windows (StataCorp LP, College Station, TX, USA). Primary outcomes are presented as descriptive summary statistics, with 95% CI around proportions calculated using OpenEpi software 14 with Wilson score corrected for population size. Fidelity of intervention delivery was assessed against six prespecified essential criteria: dietary principles of (i) reducing energy intake to 800-1000 kcal/day, (ii) reducing carbohydrate intake, and (iii) what to eat (ie, food choices); and behavioural principles of (iv) goal-setting, (v) self-monitoring, and (vi) problem-solving or specified behavioural change techniques (eg, use of a planning tool). Fidelity was assessed by two independent reviewers (M. N. and E. M.) and discrepancies were resolved by discussion. "Attempting the diet" was assessed by (i) a nurse reporting on the case report form that the patient had directly stated they were willing to attempt the intervention after the intervention delivery visit, (ii) audio-recordings of this visit, and (iii) a nurse report at the week-2 patient follow-up, at which all participants described their attempts at the intervention and received guidance and support with any elements of it they had found challenging.
We used linear regression models (ANCOVA) to test for a difference in change between groups in secondary outcomes from baseline to 12-week follow-up, using intention-to-treat analysis, adjusted for centre, as this was a stratification variable. To avoid over-fitting the model, the change score was used as the outcome to incorporate adjustment for baseline values. In separate analyses, we adjusted for any variables that showed meaningful imbalance between groups, and assessed the sensitivity of the results to missing data using different imputation methods including baseline observation carried forward and completer-only analysis. We conducted prespecified exploratory subgroup analyses to assess whether treatment effects on weight or HbA1c change differed by gender, glycaemic control at baseline (HbA1c <53 vs. ≥53 mmol/mol) or duration of diabetes (<6 and ≥6 years).
We analyzed qualitative data transcribed from focus groups following a thematic approach using NVivo (version 11) qualitative data analysis software.
| Patient and public involvement
We convened two panels of patients with type 2 diabetes prior to ethical submission, one consisting of members who had recently tried variations of low-energy, low-carbohydrate diets. They informed and advised on the dietary and behavioural support components of the intervention, the patient materials and the perceived benefits or burdens of the study for patients. One patient member subsequently joined the trial management group.
| RESULTS
Participants were recruited between April 3, 2018 and October 30, 2018. Of 422 participants invited by letter, 60 (15%) responded to the invitation and were screened by telephone, 48 were screened in person, 33 were eligible for enrolment and 21 were randomly allocated to the DIAMOND programme and 12 to usual care. Follow-up was completed on February 19, 2019.
At baseline, the average age was 67 years (SD 11), 55% were women and 94% were white British. BMI was 35.4 kg/m 2 (SD 4.7) and HbA1c was 61 mmol/mol (SD 13) (Tables 1A and 1B ).
All available participants were followed up at 12 weeks (n = 32); one participant in the control group died of an unrelated cause ( Figure 1 ).
| Primary outcomes
Feasibility was shown and progression criteria achieved for all three primary outcome measures. All participants randomized to the intervention group attempted the intervention (95% CI 85% to 100%) and attended the final follow-up session at 12 weeks (95% CI 89% to 100%; excluding the control group participant who died). Nineteen of the 21 intervention sessions were audio-recorded and available for assessment of fidelity. Of the available records, 100% (95% CI 85% to 100%) showed each of the six prespecified essential criteria.
| Secondary outcomes
| Weight
Mean weight change at 12 weeks was −9.5 kg (SD 5.4 kg) in the intervention group and −2 kg (SD 2.5 kg) in the usual care group, adjusted difference −7.5 kg (95% CI −11.0 to −4.0 kg, P < 0.001). There was no evidence of an effect of duration of diabetes or change in the number of diabetes medications. There was a significantly greater improvement in the intervention than the control arm in all measures of glucose regulation except for steady state beta cell function (HOMA-%B) ( Table 2) .
| Glycaemic control, insulin sensitivity and diabetes diagnostic thresholds
T A B L E 1 A
Baseline characteristics of participants assigned to the DIAMOND programme (n = 21) or usual care (n = 12 No participants in the control group changed their diabetes diagnostic status over the 12 weeks. In the intervention group, 62% of participants improved their diagnostic range of HbA1c over the 12 weeks (Appendix S3).
| Medication changes
In the intervention group, seven participants stopped one or more diabetic medications and seven stopped one or more hypertensive medications over the 12-week study period. There was no change in either class of drug in the control group. The adjusted difference in the number of diabetes medications was −0.4 (−0.8 to −0.001, P = 0.051) and
for antihypertensive medication changes it was −0.5 (−1.0 to −0.04, P = 0.035).
| Additional secondary outcomes
Other secondary outcomes showed somewhat more favourable changes in cardiovascular risk factors for the intervention rather than the control group, not all of which were significant ( Table 2 ). There were no significant differences in PAID score ( Table 2 ). Process measures are shown in Appendix S3.
| Exploratory analyses
There was a significant improvement in QRISK3 score at 12 weeks in participants in the intervention group (adjusted between-group difference −3.6% [−6.2 to −1.0%, P = 0.008]).
There were no statistically significant interactions between gender or diabetes control at baseline and the effect of the intervention on HbA1c change at 12 weeks (P = 0.01). In the intervention group, longer duration of diabetes was associated with a smaller reduction in HbA1c (r = 0.56, P = 0.008) ( Figure 2 ).
T A B L E 2 Secondary outcomes by group allocation, of participants assigned to the DIAMOND programme (n = 21) or usual care (n = 12) However, they reported that the structured written materials, and range of strategies (from how to read food labels, and key foods to avoid or to try, through to lists of ingredients and recipes), made the programme easy to follow despite their different backgrounds and baseline dietary intake. They described integrating practical changes into their lifestyles, including shopping patterns, meal planning, or engaging partners and family members in their dietary needs.
Participants reported sustained behavioural change. They placed a high value on (i) the role of social support in their home and personal life, (ii) the role of the healthcare professionals in providing external motivation and support, and (iii) the importance of personal accountability in making the required changes. Healthcare professionals considered the follow-up contact was popular and motivating for participants and also improved their own motivation and engagement with the intervention, and their belief that it could improve patient outcomes. However, participants and healthcare professionals recognized the necessary balance between provision of support and the use of NHS resources.
Participants described the importance of both internal motivation (wanting to change) and external motivation (stimuli from healthcare professionals and family). Healthcare professionals initially perceived that participants needed to be internally motivated to engage with the study, but also reported positive results in those who were initially externally motivated. Participants derived continuing motivation from observing measurable changes, whether objective (eg, a reduction in glucose or blood pressure) or subjective (eg, perceived changes in activity or appearance). Healthcare professionals and participants perceived that the potential to reduce or stop medications was a strong motivator for initial engagement and sustained adherence.
| Adverse events
There were no unexpected and related serious adverse events. One death was reported in the control group, but was judged by both the site Principal Investigator and central study team to be unrelated to the study procedures.
| DISCUSSION
In this randomized trial, we met feasibility criteria on recruitment, intervention fidelity and patient acceptability. Secondary outcomes showed a 7.5 kg and 16 mmol/mol greater improvement in weight and HbA1c, respectively, in the intervention rather than the control group. There was patient and practitioner enthusiasm for pursuing this approach.
| Strengths and limitations of this study
To our knowledge, this is the first trial to attempt energy restriction to a level similar to that used in TDR programmes (~800 kcal/day), with real food rather than meal-replacement products, supported by generalists in routine care. Some effective programmes, such as the Diabetes Prevention Program, have not had the same impact as observed in the trials when delivered in primary care. 15, 16 We therefore spent a considerable time developing the DIAMOND programme, working with professionals and people with diabetes to draw on their experiences to refine the training we offered professionals and the materials for participants. The programme made extensive use of recipes supported by shopping cards, food label advice and portion size guidance to facilitate adherence and obviate the need for professionals to have detailed nutritional knowledge. This approach appears to have been effective and acceptable, producing high engagement from practitioners, and drew on the strong bond between patients and the healthcare professionals who deliver routine care to produce good follow-up and adherence to the intervention. However, it remains to be seen whether the DIAMOND programme delivers these results when implemented more widely in the definitive trial that is needed to test the long-term impact in people with diabetes.
It is impossible to blind most behavioural interventions. This could mean that some of the effect achieved was a result of the novelty of the approach, which may fade over time or if this programme ever became an accepted part of diabetes treatment. One consequence of lack of blinding was that three of 12 participants in the control group reported a low-carbohydrate diet at follow-up, perhaps prompted by the participant information sheet, which indicated this was the diet under test. A future trial may need to amend this to reduce this source of contamination, which would otherwise underestimate betweengroup differences. We did not assess for any subgroup effect of background dietary intake prior to the study on the effect of the inter- The extent of weight loss achieved here, in a programme delivered by generalists in routine care, is especially notable given the existing evidence that weight loss advice delivered by primary care teams for people with obesity is often not effective, 19 and weight losses achieved in diabetes structured education programmes are often small. 20 
| Implications of this research
This study shows that this food-based, low-energy, low-carbohydrate dietary intervention programme is feasible and practical for practice nurses to deliver in primary care. With tailored and focused participant and professional materials it is possible for a primary care-led dietary intervention to support patients to achieve clinically significant changes in weight, at least in the short term. The next step is to design a trial with a longer-term outcome to assess the effects on weight and glycaemic control, and cardiovascular risk factors, in people with type 2 diabetes. It will be important to try to achieve a balance between a sustainable lower carbohydrate dietary regimen and ensuring diet quality (in particular, adequate dietary fibre, given its association with cardiovascular disease outcomes). 21 In conclusion, it is feasible and acceptable for practice nurses to support a food-based, low-energy, low-carbohydrate dietary programme for people with type 2 diabetes in primary care with shortterm evidence of marked improvements in weight and HbA1c. This suggests a full-scale trial is feasible and worthwhile.
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